With the southern New England lobster fishery in distress, lobster fishers have focused more effort toward harvesting channeled whelks Busycotypus canaliculatus. Melongenid whelks generally grow slowly and mature late in life-characteristics that can make them vulnerable to overfishing as exploitation increases. However, minimal research has been conducted on the life history and growth rates of channeled whelks. We captured, marked, and released more than 8,700 whelks in Buzzards Bay, Massachusetts, during 2010 and 2011; 314 of the marked individuals were recovered after 1 or 2 years at liberty. Whelks that were recaptured in 2011 were measured and rereleased without determining sex, whereas whelks that were recovered in 2012 were dissected for sex determination. The unsexed animals were later classified by linear discriminant analysis using growth and morphometric variables. For both male and female whelks, growth increments decreased significantly with increasing size. Size-specific growth rates were significantly greater for females than for males, and females reached larger maximum sizes than males. Furthermore, rates of growth in shell length declined significantly with increasing time at liberty, whereas growth in shell width did not; this result may have been due to differential rates of shell damage versus repair. Increased fishing pressure on whelks-combined with their slow growth rates and inability to reproduce before being harvested-can easily constrain the long-term viability of the channeled whelk fishery in Massachusetts. Therefore, current whelk fishery management practices should be revised.
New England lobster fishery (ASMFC 2013), which has generated a shift in effort from lobster fishing to whelk fishing. Increased effort in the whelk fishery may lead to long-term population declines unless the fishery is managed to ensure sustainability. In 2010 (when we began this study), the minimum size limit for channeled whelks in Massachusetts was 69.9 mm (2.75 in) maximum shell width (MSW). However, this limit was set to accommodate industry preferences and market acceptability rather than biological criteria. Because information on whelk reproduction, size at maturity, and growth rates is limited, it is difficult to determine whether the minimum size limit is appropriate to ensure sustainability of the whelk fishery.
At least six species of Busycon whelk and three species of Busycotypus whelk exist along the U.S. East Coast (Turgeon et al. 1998) . Whelks are typically slow growing and exhibit late maturity. There have been numerous studies on the biology of the knobbed whelk Busycon carica (Magalhaes 1948; Stevens 1976; Peterson 1982; Kent 1983; Edwards 1988; Walker 1988; Kraeuter et al. 1989; Castagna and Kraeuter 1994; Power et al. 2002 Power et al. , 2009 Walker et al. 2007; Avise et al. 2010) , but remarkably few studies have focused on the channeled whelk (Davis and Sisson 1988; Peemoeller and Stevens 2013) . Most of these studies have addressed the biology, demographics, or reproduction of whelks, but few have studied long-term growth. Growth of marked knobbed whelks was studied near Beaufort, North Carolina, by Magalhaes (1948) and near Wachapreague, Virginia, by Kraeuter et al. (1989) . Results of both studies demonstrated that growth increased over time, declined with whelk size, and was highly episodic, with some individuals showing no growth for up to 2.5 years. We (Peemoeller and Stevens 2013) previously studied the reproductive biology, size, and age at maturity of channeled whelks in Buzzards Bay, Massachusetts, during 2010-2011 via dissection and histological examination of 473 individuals. Males had a maximum shell length (SL) of 175 mm, reached 50% sexual maturity (SM 50 ) at 115.5 mm SL or 6.9 years of age, and entered the fishery at 7.5 years of age. Female whelks had a maximum SL of 214.2 mm and reached SM 50 at 155.3 mm SL or 8.6 years of age; however, females entered the fishery at 6.3 years of age, or approximately 2 years before attaining sexual maturity. These findings suggested that female whelks grew faster than males.
The goals of the present study were to (1) estimate growth rates in SL and shell width of channeled whelks over 1-2 years at liberty in their natural environment, and (2) determine how growth rates changed with whelk size. Furthermore, we desired to determine whether annual growth differed between sexes or during two consecutive years. For this purpose, we caught, measured, marked, and released more than 8,700 channeled whelks in Buzzards Bay, Massachusetts, during 2010 and 2011 and recovered 314 of them in 2011 and 2012 after 1-2 years of growth.
METHODS
Sampling.-Sampling was conducted in Buzzards Bay, a large, semi-enclosed estuary with depths of 10-15 m. Channeled whelks were captured in August 2010 and July 2011 with commercial wooden or wire-mesh conch traps that were set from a 13-m lobster boat and baited with Atlantic horseshoe crabs Limulus polyphemus or crushed green crabs Carcinus maenas. Traps were generally 50 × 50 × 30 cm and were set in strings of 10 or 20 traps at 10-15-m depths at 10-12 different sites in each year to maximize catches. Traps were allowed to soak for 1 week and then were retrieved weekly over a 4-week period in each year. Sites sampled in 2010 were mostly located in eastern Buzzards Bay, whereas those sampled in 2011 were mostly in the western portion of the bay (see Peemoeller and Stevens 2013 (Turner et al. 2009 ).
After capture, whelks were taken to a seawater laboratory in New Bedford, Massachusetts (School of Marine Science and Technology, University of Massachusetts Dartmouth) and were placed in shallow tanks with flow-through seawater at ambient temperature. Whelks were not sexed prior to measurement due to the difficulty in partially removing them from their shells without damaging them and the time required to do so. Whole wet weight (Wt, nearest 0.1 g; including shell and tissue) of each whelk was measured with an electronic balance. Using electronic calipers, the SL (nearest 0.1 mm) was measured as the straight-line distance from the apex (top whorl or protoconch) of the shell to the tip of the siphonal canal. The shell width (nearest 0.1 mm) was measured as the maximum distance across the upper edge of the largest whorl in a straight line across the apex; this measurement was defined as lip width (LW) because the edge (lip) of the shell was used to anchor the calipers. Maximum shell width (MSW) was also measured for 176 whelks because it is used by fishers and managers to determine minimum size limits; MSW for this subset of whelks ranged from 60 to 118 mm (2.35-4.66 in). However, channeled whelks have an asymmetrical shell structure that prevents accurate or repeatable width measurements; therefore, we used LW as our primary width measurement because it is more precise than MSW (see Peemoeller and Stevens 2013) and is similar to the "width without spines" measurement SEX-SPECIFIC GROWTH OF CHANNELED WHELKS used by Magalhaes (1948) to evaluate the size of knobbed whelks.
Prior to marking, all whelks were cleaned with a rotating wire brush to remove the periostracum and the accumulated dirt from the outermost whorl. A rotary tool was then used to mark numbers on the top of the whorl between the suture line and the shoulder, as described by Magalhaes (1948) . After the shell was cleaned with acetone, numbers were filled in with FIGURE 1. Map of Buzzards Bay, Massachusetts, showing sites where marked channeled whelks were released in 2010 (squares, 1-4) and 2011 (circles, 5-9) . Whelks were recaptured at the same sites after being at liberty for either 1 year (sites 1-9) or 2 years (sites 1-4). 464 permanent marker, covered with two-part epoxy, and allowed to dry for 2-3 h before the whelks were returned to the tanks. Whelks that were marked in 2011 also received a small, numbered plastic tag that was glued onto the shell. Whelks were released within 1 week of capture at sites 1-4 in August 2010 and at sites 5-8 in July 2011 (Table 1; Figure 1 ). In addition, our charter boat captain occasionally caught marked whelks during the regular fishing season and released them at a separate location, which we designated as site 9.
Initially, we recovered whelks from fishers who had caught them during regular fishing activities; however, upon examination, we found that virtually all such whelks were shorter than originally recorded, which implied that their shells had been damaged. Fishers generally pack as many whelks as possible into deck totes, and stack them on top of each other, causing shell breakage (B.G.S., personal observation). Thus, for this study, we only used whelks that we recovered ourselves by using the same vessel and traps that were used for capture, and we placed the whelks in single layers within stacked deck totes. Whelks were recovered in October and November 2011 (from sites 1-4; Figure 1 ) and in November 2012 (from all sites) by setting strings of 10 traps at each of the release sites and letting them soak for 4-7 d. Thus, we defined four recapture groups (labeled by year of release and years at liberty). Groups 10-1a and 10-1b included whelks that were released in August 2010 and recaptured in October 2011 or November 2011, respectively, with a nominal time at liberty (TaL) of 1 year (actually 1.15-1.21 years) after release. None of the whelks in these groups was sexed because we released them all again at sites 1-4, hoping that we would recover some individuals more than once so as to obtain sequential annual growth measurements. Group 11-1 included whelks that were released in July 2011 and recaptured in November 2012, with a nominal TaL of 1 year (range = 1.25-1.31 years). Group 10-2 included whelks that were released in August 2010 and recaptured in November 2012, with a nominal TaL of 2 years (range = 2.20-2.26 years). All whelks that were recovered in 2012 (groups 10-2 and 11-1) were sexed by cracking the shells to determine the presence or absence of a penis or nidamental gland; none of those whelks was rereleased. All of the recovered whelks were remeasured for SL and LW, and their growth increments in SL (L inc ) or LW (W inc ) were calculated.
Data analysis.-Mean SLs of channeled whelks captured in 2010 and 2011 were compared by using t-tests; a nonparametric Kruskal-Wallis (K-W) test was used to compare cumulative length frequencies between years. Based on all measured whelks, we calculated regression equations for LW versus SL and for log 10 (Wt) versus log 10 (SL). Regression equations for LW versus MSW and vice versa were also calculated for conversion to conventional measurements. Mean sizes of male and female whelks that were caught and released in 2010 and 2011 were compared by use of t-tests, and values are expressed as means ± SD. Growth increments (L inc and W inc ) for recaptured males and females were regressed separately against the original measurements (SL and LW, respectively) for the nominal TaL of 1 or 2 years. Covariance analysis was conducted to determine whether the intercepts and slopes of the regression equations for L inc and W inc differed between the sexes or based on TaL.
Because of large, obvious differences in growth rates between sexes, linear discriminant analysis (LDA) was conducted in order to utilize the unsexed whelks that were recovered during 2011. Three training sets using only known-sex whelks (from groups 11-1 and 10-2) were tested, including (1) all whelks of known sex, (2) only whelks with positive values for both L inc and W inc , and (3) only whelks with positive values for either L inc or W inc . Four variables measured after recapture (SL, LW, L inc , and W inc ) were used, and all whelks were reclassified using the resulting discriminant equations. All combinations of the three training sets and four variables were tested to determine which combination provided the greatest discriminatory ability with the fewest variables. Unsexed whelks were then classified as either male or female by using the LDA results, and a combined data set was constructed with whelks of known sex and predicted sex. Using the combined data set, we reanalyzed the growth of whelks in terms of both L inc and W inc . Covariance analysis was conducted to determine whether the regression slopes and intercepts differed between known-sex whelks and individuals whose sex was predicted. Data analysis was conducted in R software (R Development Core Team 2011). Values are reported as means ± SD or SE as noted.
RESULTS
Seawater temperatures at Woods Hole (NOAA station 8447930) averaged 22.2 ± 0.7°C (mean ± SE) in August 2010 and 22.2 ± 0.6°C in July 2011 and were not significantly different. However, mean August temperature was 1.2°C greater in 2011 than in 2010. These temperatures are close to the average values at NOAA station 8447930 for July (22.0°C) and August (22.6°C) during 2004-2014, but we were unable to make inferences about temperature effects on growth due to differences in the locations and sex ratios of samples.
In total, 10,628 channeled whelks were caught in 2010 and 2011; 8,999 were measured and weighed, and 8,717 of those individuals were marked and released (Table 1) . Shell lengths of all whelks captured in 2010 and 2011 were aggregated in 5-mm intervals for length frequency analysis ( Figure 2 ). There was a significant difference in length frequency between years: more large whelks were caught in 2011 than in 2010 (K-W test: χ and the LW-MSW and SL-MSW regressions were significant for the subset of 176 whelks from which MSW measurements were obtained ( Figure 3 ; Table 2 ). Overall, 314 usable (i.e., not visibly damaged) whelks (3.6% of marked individuals) were recaptured 1-2 years after their initial release (Table 1) . Shell length frequencies of recaptured whelks were similar to those of captured whelks but were truncated below 125 mm (Figure 2 ). Whelks were at liberty from 0.94 to 2.26 years; the mean TaL was 1.18 ± 0.02 years for group 10-1a and 2.28 ± 0.03 years for group 10-2 (Table 1) . Length increments were less than or equal to 0 mm for 26 recaptured whelks ( Figure 4A ), and 37 whelks had W inc values that were less than or equal to 0 mm; those whelks were considered to have been damaged, so they were excluded from initial growth analyses. Groups 10-1a and 10-1b (recaptured in October 2011 and November 2011, respectively) were not significantly different in L inc (t = -1.452, df = 162, P = 0.1485) or W inc (t = -0.400, df = 160, P = 0.6895), indicating that little shell growth occurred at that time of year. When analyzed separately by sex, there was no difference in L inc between those two dates for females (F 3, 20 = 0.613, P = 0.608) or males (F 3, 20 = 0.340, P = 0.566). Therefore, all whelks that were released in 2010 and recaptured in 2011 (groups 10-1a and 10-1b) were combined for further analysis as "group 10-1."
Initial SLs of known-sex whelks that were recovered after 1 year at liberty were 143.3 ± 6.5 mm (mean ± SE) for females and 130.3 ± 1.7 mm for males. The L inc values were 19.0 ± 3.2 mm for female whelks and 8.9 ± 0.7 mm for males (Table 3) . However, mean growth cannot be compared directly between sexes because it was highly dependent on the size at release.
Regression of positive L inc values (L inc > 0 mm) versus SL at release showed that growth was much greater for female whelks than for males ( Figure 4B ). Additionally, all regressions of L inc or W inc versus SL or LW at release were SEX-SPECIFIC GROWTH OF CHANNELED WHELKS significantly negative (Table 2 ). Covariance analysis demonstrated that the intercepts and slopes for the L inc -SL regression and the W inc -LW regression were significantly different from zero for females, but the incremental differences between slopes for males and females were not significant ( Figure 4 ; Table 4 ). Predicted maximum SL (the size at which 1 year growth should equal 0 mm) was calculated as -intercept/slope (from Table 2 ) and was 170.4 mm for male whelks and 196.7 mm for females; predicted maximum LW was calculated as 81.9 mm for males and 103.7 mm for females. The largest marked male whelk recovered was 172.6 mm SL, and the largest marked female whelk recovered was 196.4 mm SL. From the LDA, the best separation of male and female whelks was produced with training set 3 (131 whelks with either L inc or W inc > 0 mm) using the variables LW, L inc , and W inc (Table 5 ). The proportion of correct classifications produced was 98.2% for males (108 of 110), 81.0% for females (17 of 21), and 95.4% overall (F = 198.7; Table 5 ). Only two groups were analyzed, so all of the separation was attributed to a single discriminant function. Use of all four variables produced a slight increase in the F-value (199.4) but did not result in better classification; all other combinations produced lower classification accuracy and F-values. After all whelks of unknown sex were classified as either male or female, the combined data set of whelks with known and predicted sex (56 females and 258 males) was reanalyzed. Differences in SL, LW, L inc , and W inc between the original (known sex) data set and the combined data set were not significant (Table 3) . However, precision was improved by the increased sample sizes, such that SE values were less than 10% of the SEs for the original (known sex) data. Note that the prediction rates for the training set of 131 whelks were probably better than those observed for the complete data set of 174 unsexed whelks. Although 98.2% of the unsexed whelks had positive growth in at least one dimension (like the training set), prediction rates could not be determined for the remainder.
New regression equations were produced for growth (L inc and W inc ; Figure 4C , D; Table 2 ), and covariance analysis was conducted for whelks that were at liberty for approximately 1 year. There was a significant difference between known-male and predicted-male whelks in terms of both the intercept and slope for L inc (L inc versus SL, P < 0.05; Table 2 ). This difference was primarily due to a small group of (predictedsex) males with SLs greater than 160 mm and L inc values less than 5 mm and was not due to differences between release years (2010 versus 2011; ANOVA: P > 0.295). There was no difference in L inc between known-female and predicted-female whelks and no difference in W inc (W inc versus LW) between known and predicted whelks of either sex. Analysis of the linear regression residuals showed little departure from normality, thereby supporting the use of the linear model and implying that growth rates were more or less constant across the size range of recaptured whelks.
Within sexes, all L inc -SL or W inc -LW regressions for whelks that were at liberty for 2 years declined faster than those for whelks with a TaL of only 1 year, such that the lines intersected ( Figure 5 ). Covariance analysis demonstrated that both the intercept and slope of the L inc -SL regression differed between years at liberty for both males and females, whereas neither the intercept nor the slope of the W inc -LW regression differed between years for either sex ( Figure 5 ; Table 4 ). Thus, the relationship between initial size and growth varied with TaL for L inc but not for W inc . Three male whelks that were marked and released in 2010 (initial SLs = 111.6, 115.2, and 151.2 mm, respectively) were recaptured twice: once in 2011, after which they were released, and again in 2012. The L inc values for those individuals were 17.4, 12.9, and 1.8 mm, respectively, in the first year and were 1.8, 11.9, and -0.8 mm in the second year, resulting in total growth values of 19.2, 26.8, and 1.0 mm, respectively. Thus, one whelk added 91% of its 2-year growth during the first year at liberty, another individual grew equal amounts (48% and 52% of its total growth) in each year at liberty, and the third whelk grew only about 1 mm over a FIGURE 4. Growth of marked and recaptured channeled whelks in Buzzards Bay: (A) growth in shell length (SL) for all whelks regardless of sex or time at liberty; (B) SL growth in whelks of known sex that were at liberty less than 2 years and with length increments greater than 0 mm; (C) SL growth in known-sex whelks plus the whelks whose sex was predicted by linear discriminant analysis (LDA); and (D) lip width growth in known-sex whelks plus the whelks whose sex was predicted by LDA. In panels B, C, and D, regressions for males and females are signified by solid and dashed lines, respectively. Regression equations are given in Table 2. 470 period of 2 years. Growth in LW for the three males followed the same pattern, with total growth of 3.8, 13.2, and 0.1 mm, respectively, over 2 years.
DISCUSSION
Our data clearly support three primary conclusions regarding the growth of channeled whelks. First, annual growth is a function of initial size and declines with increasing size. Second, there is a strong sex differential in size-specific growth, with females growing almost twice as fast as males of the same size. Third, despite initial expectations, growth increments for whelks that were at liberty for 2 years declined at a faster size-specific rate than the growth of whelks that were at liberty for only 1 year.
Within the size range of channeled whelks that we recaptured (100-200 mm SL), annual growth increments (and consequently proportional growth) declined linearly with initial size, regardless of the measurement used (SL or LW). There was little growth from October to November 2011, suggesting that growth is not a continuous process and may be episodic, so we did not try to calculate growth per TaL. The trend of declining growth should not be extrapolated to much smaller whelks, as annual growth increments for juvenile whelks at very small sizes (i.e., during their first few years) are lower than those predicted by the regression equations we presented (see below). Sisson (1972) marked and released 2,688 channeled whelks in Narragansett Bay, Rhode Island, and recovered 183 individuals 1-20 months later, along with useful information from the commercial fishery. Whelk growth ranged from 0 to 20 mm, but average growth was only 1.8 mm over all periods at liberty (i.e., 1.4 mm/month; Sisson 1972) . However, the sex of whelks was not determined in that study and the dimension measured to determine growth was not stated, but we assumed that it was maximum width. If so and if we extrapolate to an annual growth of 16.8 mm (1.4 mm/month × 12 months), this can be converted to an equivalent W inc of 13.1 mm (using the equations in Table 2 ), which is greater than the mean growth we observed for female channeled whelks (9.6 mm; Table 3 ) and greater than anything we observed for males. Such growth would also indicate a pregrowth size of 41 mm LW (75 mm SL) for males (smaller than any we measured) or 66 mm LW (126 mm SL) for females (within our observed range). Thus, the information provided by Sisson (1972) was limited because whelks were not sexed and because growth was not related to TaL. Values are P-values from t-tests for the intercepts and slopes (*P < 0.05; **P < 0.01; ***P < 0.001). Within each row, the second value for the intercept or slope (i.e., for males or for TaL = 2 years) represents the significance of the increment due to that variable. For example, a lack of significance for the male slope indicates no difference from the female slope.
Group
Regressed 19.0 ± 3.2 8.9 ± 0.7 19.4 ± 0.2 9.5 ± 0.0 0.801 0.691 W inc 9.6 ± 1.6 4.3 ± 0.3 9.8 ± 0.1 3.8 ± 0.0 0.904 0.406
SEX-SPECIFIC GROWTH OF CHANNELED WHELKS
Growth of knobbed whelks (66-130 mm SL) that were at liberty for 380-400 d near Beaufort, North Carolina, ranged from 4 to 30 mm SL, including five whelks that grew an average of 5.6 mm SL and two individuals that grew an average of 25 mm SL (Magalhaes 1948) ; these values are similar to the range we observed for male and female channeled whelks. Magalhaes (1948) reported that growth increased with TaL, although she did not distinguish between the sexes. Magalhaes (1948) did not provide pregrowth measurements but classified the whelks as small (<66 mm SL), medium (66-130 mm SL), large (131-180 mm SL), or very large (>180 mm SL). Reanalysis of her data indicates that small and very large knobbed whelks grew the least (4.5 and 4.0 mm, respectively), whereas medium whelks grew 15.3 mm on average and large whelks grew 12.6 mm on average. Kraeuter et al. (1989) marked and released knobbed whelks on a tidal flat near Wachapreague, Virginia, and recovered them up to 7 years later. After converting all negative growth to 0 mm, Kraeuter et al. (1989) found that the growth rate of female knobbed whelks declined from 18 mm/year for 130-139-mm SL whelks to less than 1 mm/year for whelks larger than 230 mm SL; few males were tagged or recovered during that study. Kraeuter et al. (1989) concluded that most of the growth occurred between May and October, and they calculated growth rates based on an annual period of 183 growing days. Furthermore, Kraeuter et al. (1989) hatched and raised knobbed whelks in the laboratory; the highest growth rate was exhibited during the first year, when the whelks grew from 4 mm SL initially to 36.5 mm SL. Over a period of 9 years, the knobbed whelks that were held in the laboratory grew 13.2 mm/year on average.
Sex-specific differences in the growth rate of channeled whelks in our study were so large and significant that it was possible to employ LDA to predict the sex of whelks after measurement. Therefore, any study on the growth of channeled whelks should be conducted on a sex-specific basis. Sex-based differentiation in growth may not occur among the smallest whelks; within the subsample we (Peemoeller and Stevens 2013 ) studied for maturity analysis, differential growth was not apparent until the whelks reached a size of about 80 mm SL (i.e., at 4 years of age). This statement is supported by the finding that the sex ratio (M:F) for whelks smaller than 110 mm SL was 1.26, compared with 4.3 for 110-160-mm SL whelks and 0.1 for whelks exceeding 170 mm SL (Peemoeller and Stevens 2013) . These data suggest that after whelks attain 100 mm SL, their growth rates diverge dramatically due to either an increase in the female growth rate or a decrease in the male growth rate. If the cause was differential mortality, we would have observed a gradual decline in sex ratio rather than a sudden increase as males reached maturity. Regardless of the cause, the result is that very few females occur in the 120-150-mm size range, and virtually all whelks larger than 160 mm are females.
The finding that growth was less after 2 years at liberty than after 1 year was unexpected. Negative growth is apparently normal for knobbed whelks, as it was observed by both Magalhaes (1948) and Kraeuter et al. (1989) , who reported negative growth in 38-43% of marked knobbed whelks that were recovered after 209-279 d at liberty. However, we expected that after excluding channeled whelks with negative growth, we would observe greater growth among whelks at liberty for 2 years than among those at liberty for only 1 year. Although that expectation was true for smaller whelks of each sex, the opposite was true for the largest whelks, which grew less in 2 years than in 1 year. In addition, this effect was significant for SL but not for LW. Repeated analyses of various subsets of the data all supported the conclusion that this is a real phenomenon rather than an artifact of location or sample size, and we offer a potential explanation. Although SL is easier to measure than LW, it is also more variable, especially when compared with weight (see Figure 4C , D; and r 2 values in Table 2 ). Such variability is the result of damage to the siphonal canal and a subsequent loss of length, as evidenced by a number of whelks that were anomalously short. It is unknown whether this is due to (1) handling and discard of sublegal whelks, (2) natural breakage while the whelks are foraging (Kraeuter et al. 1989 ), or (3) predation (e.g., Magalhaes 1948 . Nonetheless, it is obvious that whelks can repair breakage, and repair rates probably mirror the growth rates (i.e., declining with size). Thus, SL is the result of several processes, including growth, breakage, and repair. As long as repair rates exceed breakage rates, whelks will continue to grow. However, if breakage rates are constant rather than size dependent or if breakage is a function of other factors (e.g., foraging or environmental conditions), then growth and repair rates will eventually become too low to TABLE 5. Results of linear discriminant analysis for a training set of knownsex channeled whelks that were marked and released in Buzzards Bay during 2010-2011 and recaptured during 2012. The best model included three variables: lip width (LW) at recapture, growth increment in shell length (L inc ), and growth increment in lip width (W inc ). Whelks of known sex were reclassified into predicted sexes, and the proportions of correct and incorrect classifications within each sex were calculated. The proportions of whelks that were correctly classified (e.g., females classified as females) or incorrectly classified (e.g., males classified as females) are also presented. The total proportion of whelks that were correctly classified is the sum of the diagonal cells in the last two columns (0.130 + 0.824 = 0.954 keep up with breakage rates, at which point growth becomes negative. The fact that W inc did not show such negative growth indicates that breakage of the upper whorl is much less likely and proportionally less than reductions in SL. After 1 year of growth, most of our marked whelks were near their maximum size, so any breakage during their second year would have had a much greater effect on SL than during the first year. Our results demonstrate that SL is not the best measurement for use in assessing the size of channeled whelks due to the probability of shell damage and subsequent reduction in length. We believe that LW is less prone to damage-induced reduction and may be a more precise measurement than SW because it is measured by using specific landmarks on the shell. However, additional study would be needed before LW or another measurement can be recommended as the preferred method.
Assuming that shell breakage is a normal part of the growth process, one could argue that even whelks with positive growth could have suffered some breakage and that those with negative growth should have been included in the data sets used for regression analysis. Although both arguments may be valid, negative growth is a sure sign that breakage has occurred, so we took the conservative path and removed those whelks from the data set. Other authors have chosen to FIGURE 5. Growth versus size at release for channeled whelks that were recaptured after 1 or 2 years at liberty in Buzzards Bay: (A) male length increment (L inc ) versus shell length (SL), (B) male lip width increment (W inc ) versus lip width (LW), (C) female L inc versus SL, and (D) female W inc versus LW (solid line = growth after 1 year; dashed line = growth after 2 years). Regression equations are given in Table 2. SEX-SPECIFIC GROWTH OF CHANNELED WHELKS either ignore it or recode negative growth as 0 mm (e.g., Kraeuter et al. 1989 ) in order to determine average growth.
Growth of channeled whelks is probably discontinuous. Although we did not sample throughout the year, growth of whelks recaptured in October (TaL = 1.18 years) and November (TaL = 1.28 years) was not significantly different, indicating that little growth occurs at that time of year. Magalhaes (1948) and Kraeuter et al. (1989) indicated that growth of knobbed whelks was highly episodic, with some individuals showing no growth for up to 810 d (Magalhaes 1948) . Data from the three channeled whelks that we recaptured twice demonstrated that growth could occur in one, both, or neither of two consecutive years. The largest of the three whelks was close to the maximum size for males, so little growth was expected. At that size, mature whelks probably put more energy into reproduction than into growth.
Use of the LDA results to reclassify the sex of known-sex whelks was relatively accurate (95.4%), although accuracy was better for males (which constituted a larger proportion of the recaptured whelks) than for females. After reclassification, there were only minor changes in the growth regressions, supporting the accuracy of that process. One exception was the regression for male growth in SL, which differed due to the presence of several large putative males that exhibited little growth; these individuals were most likely classified accurately since females of that size grow more than 15 mm/ year. We (Peemoeller and Stevens 2013 ) previously found slight sex-specific differentiation in the LW-SL relationship but no difference in the Wt-SL relationship for 292 whelks of known sex. Maximum sizes predicted from the regression equations for each sex matched the largest animals found, except for a single 214.2-mm-SL female that was kept for dissection (Stevens and Peemoeller 2013) . Thus, in our opinion, regression equations generated from the combined data sets are more precise and should be considered definitive, despite any minor inaccuracies caused by LDA classification.
The Massachusetts Division of Marine Fisheries (MADMF) has recognized the need for change in channeled whelk management; since 2014, the MADMF has begun to increase the minimum size by a marginal amount annually, with the goal of approaching the size at female maturity (R. Glenn, MADMF, personal communication) . Increased size limits would have an initial impact on the fishery by reducing overall catch, perhaps substantially, but could lead to increases in the mean size of whelks over the long term. However, in recent years, the use of minimum size limits as a management tool has come under increasing scrutiny due to the consequent effects on size at reproduction, sex ratio, and mating opportunities (Zhou et al. 2010) . The combination of a rapidly growing fishery, slow growth, and late maturity make channeled whelks highly vulnerable to overfishing. Increasing the minimum size limit will result in a fishery that almost exclusively targets mature females. Consequently, it may be prudent to consider alternative management strategies, such as slot limits, limits on landings, or individual quotas. An inherent but rarely stated assumption of whelk management is that all small whelks (i.e., those below the minimum size limit) will eventually grow to become large whelks if they are not captured. If growth rates differ between sexes, however, then only a fraction of small whelks (i.e., females) will eventually grow past a certain size, and targeting of larger whelks by the fishery will lead to depletion of females relative to males. This phenomenon would require different approaches for managing male and female channeled whelks.
Management of busyconid whelks has typically been conducted by enforcing selective fishing methods that are borrowed from other fisheries: such "6-S" strategies include restrictions on the species, size, stocks, sex, season, and/or space (as well as effort) allowed for any particular fishery. Whelks, however, show minimal migratory movements and are essentially sedentary; furthermore, their fisheries are small in scale and spatially structured, qualifying as "S-type" fisheries (Orensanz et al. 2005) . Such fisheries are extremely difficult to manage due to the high impacts of localized fishing and multiple landing sites and the ineffectiveness of effort controls-all factors that pose a hindrance to centralized management schemes. Effective management of S-type fisheries can best be achieved by using appropriate incentives (rightsbased management), participation of fishers in management (including monitoring and decision making), and social group enforcement (Orensanz et al. 2005) . States are understandably reluctant to impose new management regimes, but with the cooperation of fishers, it should be possible to establish experimental management within a restricted portion of the whelk fishery so as to determine whether alternative management practices provide an improvement over traditional methods.
